The study was conducted in 2006 -2008 at the Production and Experimental Station of the University of Warmia and Mazury in Olsztyn, located in Bałcyny (NE Poland). The objective of this study was to determine the microbial quality of soil after Brassicaceae grown as forecrops for winter wheat. A field experiment was established on grey-brown podsolic soil, and it involved the following forecrops: winter rapeseed, spring rapeseed, white mustard, Chinese mustard, and winter wheat as control. Soil samples for microbiological analyses were collected in the spring, before the sowing of forecrops, and in the autumn, after the harvest of Brassicaceae and ploughing-in crop residues. Bacterial and fungal communities isolated from soil sown with Brassicaceae as forecrops were generally more abundant and diverse. These communities exerted an inhibitory effect on the growth of soil pathogens. Forecrops with the greatest microbiological potential were white mustard and winter rapeseed.
INTRODUCTION
Cereal growing in monoculture contributes to a substantial yield decrease (K u r o w s k i , 2002), which may be caused by changes in the abundance and biological activity of soil microbes. The growing of a single crop leads to the selection of soil-dwelling microorganisms -some species are eliminated, while the populations of other species expand (B i s et al. 2005) . Changes that promote the growth of soil pathogens are particularly undesirable. The presence of crops showing phytosanitary effect in crop rotation, including species of the family Brassicaceae, may contribute to a decrease in the counts of pathogenic microorganisms and to an increase in the abundance of saprotrophs exhibiting antagonistic activity against soil pathogens (S t u r z and B e r n i e r , 1989).
Soil-born microbes include species with antagonistic properties against phytopathogens, such as fungi of the genera Trichoderma, Gliocladium and Penicillium as well as bacteria of the genera Pseudomonas and Azotobacter (P i ę t a , 1998; G a r b e v a et al. 2004) .
The phytosanitary quality of soil may be evaluated on the base of the population size of soil-born microbial communities. Bacteria of the genus Pseudomonas form the most abundant and best investigated group of bacteria developing in the soil environment. Pseudomonas spp. can colonize the roots of crops and successfully compete with pathogens for space and nutrients. They also secrete various substances with antagonistic properties against cereal pathogens (P a u l and C l a r k , 2000; G a r b e v a et al. 2004 ). Bacteria of the genus Azotobacter are also commonly found in the soil environment. They produce hormones stimulating plant growth and supply plants with nitrogen fixed with the enzyme nitrogenase (P a u l and C l a r k , 2000).
The objective of this study was to determine the effect of selected species of the family Brassicaceae, grown as forecrops for winter wheat, on the quantitative and qualitative composition of soil-dwelling microbes. Crop protection chemicals were applied as recommended by the Institute of Plant Protection. Before sowing, rape seeds were dressect with Crusier OSR 322 FS (thiamethoxam + matalaxyl-M + fludioxinal), and mustard seeds with TC (thiram). The plantation was protected against pests with insecticides when the economic threshold of harmfulness was exceeded.
MATERIALS AND METHODS
The exact field trial was performed in a randomized block design, in three replications, and it involved the following forecrops: -winter rapeseed (Brassica napus var. arvensis f. bienis) cv. Californium; -spring rapeseed (Brassica napus var. arvensis f. annua) cv. Hunter; -white mustard (Sinapis alba L.) cv. Borowska; -Chinese mustard (Brassica juncea L.) cv. Mało-polska; -winter wheat (Triticum aestivum L.) cv. Dorota -as control. Soil sampling. Soil samples for mycological analysis were collected into sterile Petri dishes twice: in the spring, before the sowing of forecrops, and in the autumn, after the harvest of Brassicaceae and ploughing-in crop residues. Soil was sampled at three evenly distributed points in each plot, at a depth of 5-15 cm, under aseptic conditions. A bulk sample of three replicates was placed in each dish. Bacteria were isolated from soil samples collected in the autumn of 2007 and 2008 .
Mycological analysis of soil. Fungi were isolated from soil at the laboratory as described by M a ń k a (1974) . 149 g of quartz sand was put into a 0.5 l conical flask which was sterilized in an autoclave for 25 min. 1 g of soil was added to cooled sand. The flask was shaken manually for 2 min. The mixture was transferred to Petri dishes with a measuring scoop (25 mg), and cool Martin-Johnson agar medium was poured into the dishes. After several days of incubation at 25 o C, the colonies were inoculated onto PDA slants and were kept in a thermostat until microscopic identification based on sporulation.
Isolates of bacteria. Bacterial isolates were obtained from the soil in which winter wheat, winter rapeseed and white mustard had been grown. They are listed in Table 2 . The activity of bacteria against pathogens was tested immediately after isolation.
Isolates of pathogens. The fungus Rhizoctonia cerealis was isolated from the stem bases of winter wheat showing symptoms of sharp eyespot. The species Gaeumannomyces graminis was isolated from the roots of winter wheat. The cultures were stored on PDA at 4 o C. Isolation of soil bacteria. Bacteria of the genera Pseudomonas and Azotobacter and chitin-degrading bacteria were isolated from the soil in which winter wheat, winter rapeseed and white mustard had been grown. 10 g of soil was put into 250 ml flasks filled with 90 ml of sterile water. The samples were shaken for 30 min. in a shaker, type 358S (frequency 170/min, amplitude 8). Bacteria were isolated from soil by plating soil dilutions on selective media (H i d - Inhibitory effect of Pseudomonas bacteria. The antagonistic activity of 55 isolates of Pseudomonas bacteria against the causal agents of take-all diseases of cereals, Gaeumannomyces graminis and Rhizoctonia cerealis, was determined under laboratory conditions. 5-mm PDA disks overgrown with 10-day pathogenic cultures were placed on Petri dishes filled with PDA (G a r b e v a et al. 2004) . The isolates of the tested bacteria were placed within 2 cm from the pathogen (W a c h o w s k a et al. 2003). Images of Petri dishes with fungal colonies were obtained with a digital camera (Nikon Coolpix 2500) and stored as data on a computer. The isolates of the genus Pseudomonas which caused changes in the shape of phytopathogen colonies were considered to be biologically active, at the coefficient of the colony's ellipticity below 0.79.
Statistical analysis of results. Data from bacteriological analyses were verified statistically using Statistica 8.0 software. Data on bacterial counts in soil were transformed according to the formula: log 10 (x+1), and were subjected to an analysis of variance. The significance of differences between mean values was estimated by the Student-Newman-Keuls (SNK) test.
RESULTS
The microbiological analysis of soil revealed wide biodiversity of fungal and bacterial communities (Tables 1, 2) . Aureobasidium pullulans (13.4%), fungi of the genera Fusarium (7.9%) and Penicillium (9.5%), as well as various species of the family Mucoraceae (25.8%), were isolated most frequently from soil before the experiment had been established. Fungal species potentially pathogenic to cereals and other crops accounted for 13.5% in this environment. A considerable number of antagonistic fungi, such as Mucoraceae, members of the genera Penicillium, Trichoderma and Gliocladium, were also isolated from this type of soil. They accounted for 42.8% of all analyzed colonies.
Fungal communities isolated from soil used for growing the investigated forecrops differed in both abundance and species composition (Fig. 1) . The highest number of fungi characterized by the most diverse species composition were isolated from white mustard plots (664 isolates belonging to 87 species), and their lowest abundance was noted in winter rapeseed plots (556 isolates representing 70 species). The following fungal species occurred in greatest abundance in soil in which Brassicaceae had been grown: members of the genera Aureobasidium, Fusarium, Penicillium, Phoma and Spicaria, and representatives of the family Mucoraceae (Mortierella, Mucor, Rhizopus). They accounted for more than 50% of all isolates (Table 1) .
A. pullulans dominated in this environment. Fungal species considered pathogenic to crops were most abundant in soil used for growing white mustard (12.8%) and spring rapeseed (12.7%). The largest group among them was formed by members of the genus Fusarium, in particular F. equiseti and F. solani. Fungi showing antagonistic activity against crop pathogens, such as Penicillium, Trichoderma and Gliocladium, were isolated primarily from white mustard (36.2%) and winter rapeseed (35.2%) plots. 7.5% of pathogenic fungi and 29.0% of fungi with antagonistic properties were obtained from wheat plots.
Pseudomonas bacteria occurred in greatest abundance, compared with the remaining bacterial groups, regardless of the forecrop (Fig. 2) . 94.7 x10 6 colony-forming units (cfu) were obtained per gram of soil on average (Fig. 2) . A community of diasotrophs of the genus Azotobacter developed relatively dynamically (0.15 x 10 6 cfu per gram of soil on average). A community of chitinolytic bacteria was found to be least abundant (1.41 x 10 3 cfu per gram of soil an average).
The communities of Pseudomonas bacteria isolated from soil used for growing white mustard and winter rapeseed were more abundant (by 29.7% and 34.4%, respectively) than the communities of these bacteria obtained from winter wheat plots (Fig. 2) . The differences were statistically significant. The inhibitory activity of isolates of Pseudomonas bacteria against the causal agents of take-all diseases of cereals, Gaeumannomyces graminis and Rhizoctonia cerealis, varied widely (Table 2) . G. graminis showed a stronger response to the presence of bacteria on PDA than R. cerealis. The majority of isolates obtained from soil sown with winter rapeseed and white mustard as forecrops (54.0% and 88.0%, respectively) substantially inhibited the growth of G. graminis. 64.0% of isolates from white mustard plots also exhibited an antagonistic effect on R. cerealis. The isolates obtained from soil used for growing wheat were characterized by low inhibitory activity against the tested phytopathogens. Only two of them (13.0% of the total number) considerably limited the growth of G. graminis, and one inhibited the development of R. cerealis.
A community of diasotrophs was significantly more abundant in winter wheat plots than in white mustard plots (Fig. 2) . No statistically significant differences were noted between the communities of chitinolytic bacteria dwelling in soil in which different forecrops had been grown. 
DISCUSSION
Fungal communities dwelling in soil sown with Brassicaceae were found to be greatly diverse in regard of both abundance and species composition. They included pathogenic fungi as well as many genera of bacteria and fungi with antagonistic properties. According to S t u r z and B e r n i e r (1989), alternate growing of rapeseed or mustard and grain crops contributes to a reduction in the population size of pathogenic fungi such as F. culmorum, Microdochium nivale, G. graminis and Cochliobolus sativus.
The highest number of fungi with the most diverse species composition were isolated from white mustard plots, while their lowest abundance was noted in winter rapeseed plots. Bialy et al. (1990) demonstrated that species of the genera Brassica and Sinapis grown as forecrops or intercrops may reduce agrophage populations due to their allelochemical activity. Glucosinolates and the products of their breakdown, isothiocyanates, contained in the tissues of these plants vary in their activity towards soil microbes (S a rw a r and K i r k e g a a r d , 1998; M a j c h r z a k et al. 2001). Most probably, these compounds inhib- to 64% of bacterial isolates showed inhibitory activity against R. cerealis, depending on the forecrop. Slightly higher abundance of beneficial bacteria, protecting plants against pathogens, was observed in winter rapeseed and white mustard plots. This is probably why soil sown with Brassicaceae is characterized by high protective potential with respect to successive crops. According to S c h i p p e r s et al. (1990) , crop protection against pathogens is possible due to hydrogen cyanide produced by selected Pseudomonas isolates. Bacteria living around plant roots may produce the antibiotic 2,4-diacetyl phloroglucinol which decreases the incidence of take-all (H i d d i n k et al. 2005) . Another mechanism of bacterial action against pathogenic fungi involves the breakdown of chitin, the main component of the cell wall of fungi. The process is catalyzed by chitinolytic enzymes which release acetylglucosamine monomers from chitin (P a u l and C l a r k , 2000).
It seems that Aureobasidium pullulans -the predominant species among the tested eukaryotic microorganisms -also showed antagonistic activity against soil pathogens. The fungus is commonly found in the phyllosphere of various plants across many climate zones (D o m s c h and G a m s , 1969). As reported by the cited authors, this species is considered to be non-pathogenic, but it may cause root necrosis in some plants. The antagonistic activity of A. pullulans results primarily from its antibiotic properties (R a i and S i n g h , 1980). As demonstrated by Ł a c i c o w a et al. (1997) , this fungus may act as a natural biological barrier protecting crops against the infestation by pathogenic microbes.
Members of the genus Fusarium were also present in the investigated soil, in the abundance of 5.5% to 10.6%. These fungi occur commonly in the natural environment. They colonize soil as well as the aboveground and underground parts of plants, causing infections collectively referred to as fusariosis (K w a ś n a et al. 1991; M a j c h r z a k et al. 2008).
